As of the 10^th^ of June 2020, South Korea has experienced the large outbreak of coronavirus disease 2019 (COVID-19) \[[@bib1]\]. The first COVID-19 cases were identified on 20 January 2020 from individuals travelling from China to South Korea \[[@bib2]\]. Then, superspreading COVID-19 event occurred among a Korean religious group at Daegu-Gyeongsangbuk provincial region mid February 2020 \[[@bib3]\].

Busan city, located in the southeast part of the Korean peninsula and with a population of 3.24 million, identified the first COVID-19 case on 22 February 2020. As of 8 March 2020, 89 laboratory-confirmed cases were identified, and 521 individuals were self-quarantined in Busan city \[[@bib4]\]. The incubation period, the time between the infection and symptoms onset, plays a key role to determine the period of quarantine for infectious diseases \[[@bib5]\]. Recently, several individuals who were exposed to the laboratory-confirmed cases of COVID-19 but tested negative for COVID-19 at the initial assessment were later identified as positive after 14 days of self-quarantine. Therefore, the duration of self-quarantine has raised controversial issues for the public as well as Korean public health professionals \[[@bib6],[@bib7]\].

The purpose of this study is to estimate an incubation period using the publicly available data and to provide evidence supporting the current 14-day self-quarantine recommendation.

The data was obtained from publicly available sources, such as the press release from Busan city department of public health and news reports \[[@bib8]\]. We extracted the information of COVID-19 cases confirmed by real-time reverse transcriptase polymerase chain reactions. The epidemiological information of interest included the year of birth, sex, date of illness onset, exposure date of the infectious source (i.e., the date of the infectee was in contact with the infected patient), the origin of infection, and contact history with other laboratory-confirmed cases. We analysed the incubation period using information from patients with precise contact history with other case-patients.

The incubation period was estimated by fitting log-normal, Weibull, and gamma distributions, and using available data with date of exposure and date of illness onset. We identified the best-fitted model of probabilistic distribution through the Akaike information criterion (AIC). Furthermore, we conducted Wilcoxon signed-rank test to measure the significant difference of incubation periods between males and females. All statistical analyses were performed using R version 3.0.2 (R Foundation for Statistical Computing).

Overall, we obtained a line list of 79 laboratory-confirmed cases reported between 20 February and 3 March 2020. We analysed exposures data for 47 cases with precise information on exposure date and date of illness onset. The overall median age was 30 years (ranging from 17 to 83). The median age of male and female was 34 years (ranging from 6 to 82) and 41 years (ranging from 9 to 83).

The incubation period estimation model was best fitted with the log-normal distribution which had the lowest AIC (190.9). The AIC for the Weibull and gamma distributions were 192 and 191. The overall estimated median incubation period was 3.0 days (95% Confidence Interval (CI), 0.6--8.2) ([Fig. 1](#fig1){ref-type="fig"} ). We found that the median incubation period for males (2.5 days; 95% CI, 0.5--6.9 days) was shorter than for females (3.3 days; 95% CI, 0.7--8.5 days); however, the difference was not statistically significant (*W* = 321*, p*-value = 0.3).Fig. 1Incubation period distribution of COVID-19 for the laboratory-confirmed cases with COVID-19 in Busan, South Korea. The estimated median incubation period was 3.0 (95% Confidence Interval, 0.6--8.2).Fig. 1

The estimation of incubation periods in the early phase of any infectious disease outbreak allows researchers to construct transmission model that can be used to predict future spread in the community and elaborate effective control measure \[[@bib9]\]. In this study, the log-normal distribution was the best fitted to our model. This is consistent with a previous review stating that the incubation period of acute respiratory viral infections follows a log-normal distribution \[[@bib10]\].

Our estimated median incubation period is shorter than the previous literature ([Table 1](#tbl1){ref-type="table"} ) \[[@bib11], [@bib12], [@bib13], [@bib14]\]. This indicates that the Korean 14-day self-quarantine program is likely sufficient to prevent spread in the community from individuals with COVID-19. We did not measure any significant difference between the males and the females in our study population for the incubation period. Identifying the impact of the age on the incubation period would be valuable to provide age-specific intervention measures in the community and to conduct epidemiological modelling studies. However, we did not analyse the impact of age on the incubation period because of the small sample size among the different age groups.Table 1The comparison of incubation periods with previous studies.Table 1Number of cases and place of infectionMedian age (range, years)Fitted distributionMedian incubation period (days)Range or 95% CI of the incubation period (days)Our study47 from Busan, Korea30 (17--83)Log-normal distribution3.095% CI: 0.6--8.2Ki M et al. \[[@bib11]\]Seven including imported cases in KoreaN/AN/A4.0Range: 1-9Li Q et al. \[[@bib12]\].10 from Wuhan, China42 (21--62)Gamma distribution5.295% CI: 4.1--7.0Linton NM et al. \[[@bib13]\].52 from ChinaN/A (30--59)Log-normal distribution5.695% CI: 4.4--7.4Backer JA et al. \[[@bib14]\]88 travellers from Wuhan, ChinaN/A (2--72)Weibull distribution6.4Range: 2.1--11.1[^1][^2]

The probability distribution analysis of the incubation period indicates that the possibility for an infected individual to develop symptoms after 14 days of quarantine is 0.1 percentile, i.e., 1 case in 1000. This information is valuable because it helps the public to better understand the nature of the current public health measures and the epidemiological characteristics of COVID-19. This knowledge can, therefore enhance their compliance with these measures in the community. Previous studies have already described the epidemiological parameters of COVID-19 \[[@bib2]\]; however, these parameters can vary in different countries, because of their environment, their medical systems as well as the public behaviour facing health issues \[[@bib15]\]. Therefore, the study of epidemiologic parameters should be actively conducted with a specific population and in a specific location to provide the scientific evidence necessary for the establishment of public health measures by the public health authorities and the public.

Our study is the first that estimated the incubation period of COVID-19 in Busan, Korea; however, it presents some limitations. First, our results are based on publicly available data, which were collected from various sources. Second, the number of a sample size used to estimate the incubation period was small. This was due to the number of cases with incomplete information in the line list. Third, we did not consider the demographic characteristics of the patients, which may affect the incubation period.

The median incubation period of COVID-19 was 3.0 days (95% CI, 0.6--8.2), and there was no significant difference in the incubation period between males and females. The current 14-day self-quarantine program is a sufficient public health measure to prevent the transmission of COVID-19 in the community.
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